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Abstract
To conduct a systematic review and meta-analysis on the effects of electrical stimulation therapy (EST) on healing pressure ulcers in individuals with spinal cord injury
(SCI). CINAHL, The Cochrane Library, PubMed, SCOPUS, EMBASE, Nursing &
Allied Health and Dissertation & Theses databases were searched for relevant English
language articles from the date of inception to 31 January 2014. Separate searches
were conducted in Google Scholar and academic journals specialised in wound care.
Two reviewers independently assessed study eligibility. Studies were included if EST
was used to treat pressure ulcers in individuals with SCI. A total of 599 articles were
screened, and 15 studies met the inclusion criteria. A meta-analysis with five studies
demonstrated that EST significantly decreased the ulcer size by 1⋅32%/day [95% confidence interval (CI): 0⋅58–2⋅05, P < 0⋅001] compared to standard wound care (SWC)
or sham EST. Another meta-analysis conducted with four studies showed that EST
increased the risk of wound healing by 1⋅55 times compared with standard wound care
or sham EST (95% CI: 1⋅12 to 2⋅15, P < 0⋅0001). Because of the wide array of outcome
measures across studies, a single meta-analysis could not be conducted. EST appears
to be an effective adjunctive therapy to accelerate and increase pressure ulcer closure in
individuals with SCI.

Introduction

Persons with spinal cord injury (SCI) experience a number
of secondary health complications over their lifetime, with
pressure ulcers being the most common. Despite the numerous
prevention and management recommendations available (1,2),
it has been estimated that 31–40% of individuals with SCI
develop pressure ulcers in a given year (3–5) and up to 85%
of them develop at least one pressure ulcer over the course of
their lifetime (6). In addition to having a significant impact on
the health care system, pressure ulcers are also associated with
serious health implications for individuals with SCI including
reductions in physical activity levels, social participation and
overall quality of life (7).
Current recommendations for managing pressure ulcers
involve standard wound care (SWC), which includes practices
such as debridement, dressing, nutrition counselling and
1214

Key Messages

• systematic review and meta-analysis on the effect of
electrical stimulation therapy (EST) for pressure ulcer
treatment
• fifteen studies were identified; of these, only eight were
included in the meta-analysis
• the overall methodological quality of the studies included
in the meta-analysis was identified as low. Heterogeneity
between the studies was significant and may be attributed
to lack of standardised method of measuring pressure
ulcer size, different EST types and parameters and different treatment schedules
• EST was found to be an effective adjunctive therapy for
treating pressure ulcers in individuals with spinal cord
injury (SCI)
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physical and occupational therapy (8). However, pressure ulcers
may not always respond positively to SWC alone. Electrical
stimulation therapy (EST) is an adjunctive approach to SWC
that delivers low levels of electric current to the wound bed to
increase the rate of wound healing (9). It has been suggested
that EST accelerates wound healing by mimicking the natural
electrical current of the skin when it is injured (9). EST has
been shown to affect most phases of wound healing including
inflammation, proliferation and remodelling (9). In vitro studies
have demonstrated that EST can: induce fibroblastic activity by
increasing DNA and protein synthesis (10), as well as calcium
influx (11); promote migration and activation of macrophages
(12); and promote myofibroblast transdifferentiation (13). Furthermore, in vivo studies have demonstrated that EST can:
enhance angiogenesis by increasing capillary density, improve
tissue oxygenation (14) through increased blood flow (15,16)
and improve tissue tensile strength (17,18) by increasing collagen deposition (19). In addition, researchers have suggested that
EST has both bacteriostatic and bactericidal effects on microbes
that commonly infect wounds (20–22).
Earlier, systematic reviews (23,24) and meta-analyses
(25–27) have been carried out to examine the healing potential of EST in various types of chronic wounds. The three
meta-analyses (25–27), which each included data from a different group of publications, concluded that the application of
EST as an adjunctive therapy for treating ulcers accelerates the
rate of wound healing and promotes wound closure compared
with SWC alone. Results from two systematic reviews (23,24)
suggest there are quite a number of randomised controlled
trials that have examined the effect of EST on healing of
pressure ulcers. However, there have been no meta-analyses
that combine the results and estimates of the pooled effect of
EST on pressure ulcers. Furthermore, results from published
meta-analyses involving a variety of wound types may not
be transferable to the SCI population. Recent research has
shown that the levels of various proteins including growth
factors, cytokines and enzymes are quite different in pressure ulcers in people with SCI compared with those without
SCI (28). Specifically, levels of pro-inflammatory cytokines
such as IL-G and IL-2, and cellular adhesion molecules (i.e.
ICAM-1), are significantly higher in individuals with SCI
(29,30), while concentrations of tissue inhibitor of metalloproteinases (TIMPs), matrix metalloproteinases (MMPs) and
wound fluid proteins are significantly lower in individuals with
SCI compared with those without SCI (28). Therefore, because
of the differences in blood serum and wound biochemistry,
it may be the case that the response to EST in pressure ulcer
healing in individuals with SCI varies from that in the general
population.
The purpose of this study was to conduct a systematic review
and meta-analysis to determine the effectiveness of EST on the
healing of pressure ulcers in individuals with SCI, specifically,
in comparison with control groups. We also aimed to understand the patients’ ability to adhere to the treatment schedule,
the implications of EST on the quality of life and pain relief
in this population and the economic impact on the health care
system.
© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Table 1 Inclusion and exclusion criteria of the study
Inclusion criteria
• EST designed to improve
healing
• EST using surface electrodes in or around the
wound
• All clinical trials
• Open,
full-thickness
pressure ulcers
• Men and women aged
18 years or older
• Traumatic
or
non-traumatic SCI
• Acute or chronic SCI
• English articles

Exclusion criteria
• Electromagnetic ﬁelds
• EST for nerve innervation
[transcutaneous
electrical
nerve stimulation (TENS)] or
muscle activation [functional
electrical stimulation (FES)]
• Use of indwelling electrodes
• More than 50% of included
ulcers caused by other aetiologies (e.g. diabetes mellitus, DVP)
• Non-English language articles
• Abstracts

EST, electrical stimulation therapy; SCI, spinal cord injury.

Methods
Types of studies

This systematic review included only studies where EST was
applied to individuals with SCI and pressure ulcers. Clinical
controlled trials comparing EST intervention (alone or in conjunction with SWC) with sham EST or SWC alone were examined for inclusion in the meta-analysis, while non-controlled
trials (i.e. case studies) were described narratively. A summary
of the inclusion and exclusion criteria used to select the studies
included for the review is presented in Table 1.
Types of participants

Studies with men and women above the age of 18 years wherein
at least 50% of participants had with acute or chronic SCI and
the presence of pressure ulcers were considered for inclusion in
the review. Pressure ulcers were defined as open, full-thickness
skin lesions that were likely caused by pressure or other external
forces, such as friction or shear.
Types of interventions

Studies that involved conductively coupled EST, which is
applied using two or more surface electrodes placed on the
wound bed or in the surrounding area, were included in this
study. There were four distinct EST modalities examined:
• Low intensity direct current (LIDC) involves applying
continuous, unidirectional flow of current of low intensity (<1 mA) for at least one second (9).
• Monophasic pulsed current (MPC) involves brief pulses
of unidirectional flow of current followed by a finite off
period (9). Common MPC waveforms include rectangular and twin-peaked [e.g. high-voltage pulsed current
(HVPC)].
• Biphasic pulsed current (BPC) consists of brief pulses
of bidirectional current that has either a symmetric or
asymmetrical biphasic waveform. In symmetric BPC, the
bidirectional pulsed current is equal and balanced, while
1215
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asymmetric BPC produces a bidirectional current that
is unequal and may or may not be balanced. Balanced
asymmetric BPC has no net positive or negative charge,
while unbalanced asymmetric BPC creates a net positive
or negative charge over time (9).
• Microcurrent (MC) includes MPC or BPC that provides
current at a subsensory level.
All variations of frequency, amplitude and duration of EST
were included. Control conditions in the studies included sham
EST (i.e. power source disconnected, leads cut) or SWC. Studies where subjects were assigned to receive different EST protocols were also included by either totalling the number of healed
ulcers or by taking the healing rate of the EST protocol with the
largest sample of pressure ulcers.

Outcome measures

The primary outcome that was considered was wound healing,
operationally defined as rate of change in ulcer size, absolute
change in wound size and number of wounds completely
healed post EST. Secondary outcomes including EST-related
adverse events, quality of life, pain relief, economic analysis and EST compliance were collated and summarised
narratively.

Study selection

Two reviewers screened the titles and abstracts (citations)
independently. A paired consensus process was used to select
relevant citations. Disagreements between reviewers were
discussed until consensus was achieved.
Full articles were retrieved from all relevant citations and
for those that were unclear or had missing abstracts from the
database citation. Full-text articles were then reviewed and
assessed for potential inclusion in the study. Paired consensus
was repeated to confirm article eligibility. Any disagreement
between the two reviewers was resolved through discussion.
Data extraction

One reviewer reviewed each article and extracted data using a
standard data extraction sheet. The information extracted from
each study included study design, participant characteristics
(i.e. age, sex and SCI characteristics), pressure ulcer characteristics (i.e. stage, location and duration of ulcer), description
of EST protocol used (i.e. type, waveform, pulse frequency,
intensity, duration, polarity and electrode placement), treatment
schedule (i.e. frequency and total treatment time) and primary
and secondary outcomes. Crossover data were not examined. A
second author checked the accuracy of all the data extracted.
Methodological quality assessment

Data sources

Electronic searches were performed by one author using the
following databases: CINAHL (Cumulative Index to Nursing
and Applied Health Literature, 1981); The Cochrane Library
(2009); Dissertation & Theses (1861); EMBASE (1947); Proquest – Nursing & Allied Health (1988); PubMed (1946) and
SCOPUS (1966) from their date of availability through to
31 January 2014. The following keywords were used in each
database: spinal cord injury, spinal cord injuries, spinal cord,
tetraplegia, quadriplegia, paraplegia, pressure ulcer, pressure
sore, bedsore, decubitus ulcer, wound healing, electrical stimulation therapy, direct current, alternating current, galvanic
current, monophasic current, biphasic current, pulsed current. Articles not available via the university library, interlibrary loan system or published in a language other than
English were excluded. An experienced librarian was consulted to develop an appropriate search strategy for each
database.
Separate searches (electronic and manual) were conducted in
journals specialised in wounds including Advances in Wound
Care (1988), Advances in Skin and Wound Care (2010), International Wound Journal (2004), Ostomy Wound Management
(2001), Wounds: A Compendium of Clinical Research and
Practice (1990) and Wound Repair and Regeneration (1993)
from their date of availability through to 4 February 2014.
The reference lists of pertinent review articles and eligible studies were searched for additional relevant studies that
were missed in the database search. Grey literature (i.e. articles not published through journals) was identified through
Google Scholar (http://scholar.google.ca) and speaking with
local experts in the field.
1216

The methodological quality of the clinical controlled trials was
assessed using the PEDro (Physiotherapy Evidence Database)
scale. The PEDro scale is based on a Delphi list developed by
Verhagen et al. (31) and consists of 11 items. The first item on
the PEDro scale (eligibility criteria) assesses external validity
via a ‘yes’ or ‘no’ response, and the next 10 items assess
the internal validity of a trial. Items 2 through 11 are scored
out of 1, resulting in a total possible score of 10. The PEDro
scale has demonstrated high construct validity (32) and good
inter-rater reliability (33). One reviewer independently assessed
the methodological quality of each study.
Data synthesis

All data were analysed using Comprehensive Meta-Analysis
2.0 (CMA; Biostat, NJ). Pooled analysis was conducted for trials that expressed healing as a rate [percent per day (%/day)]
and number of pressure ulcers healed. No computations of raw
data were performed for any of the trials. Dichotomous outcomes were expressed as risk ratio (RR) with 95% confidence
interval (CI). RR was interpreted as follows: RR < 1, risk of
healing is lower in EST group; RR = 1, risk of healing is same
between EST and control groups; and RR > 1, risk of healing is
greater in the EST group. Hedge’s g was used to interpret the
effect size of continuous variables. Hedge’s g is a variation of
Cohen’s d that corrects for bias caused as a result of sample size
(34). The criteria used for Cohen’s d (35) were used to interpret
Hedge’s g: small, 0⋅2; moderate, 0⋅5; and large, 0⋅8. Treatment
effect was significant if P < 0⋅05. Heterogeneity between the
studies was determined using I 2 and P-value; I 2 exceeding 50%
was used as the threshold to identify significant heterogeneity.
© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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498 records identified through database
searching
CINAHL, n=48
Cochrane Library, n=27
Dissertation and Thesis, n=9
Embase, n=200
ProQuest Nursing & Allied Health, n=23
PubMed, n=76
Scopus, n=115

Screening

Identification

Electrical stimulation for treating pressure ulcers

101 additional records identified through
other sources
Wound Journals, n=78
References and other, n=23

556 records after duplicates
removed

Eligibility

556 records screened

49 full-text articles assessed
for eligibility

507 records excluded

34 full-text articles excluded,
with reason
Not SCI population, n=13
<50% with SCI, n=5
Abstract, n=8
No wound healing outcomes, n=5
Indwelling electrodes, n=2
<50% of pressure ulcers, n=1

Included

15 studies included in
qualitative synthesis

8 studies included in
quantitative analysis (metanalysis)

Figure 1 Study ﬂow chart (PRISMA).

A fixed effects model was used when the threshold for heterogeneity was not reached, and a random effects model was
used when the threshold for heterogeneity was exceeded (36).
Funnel plots and Orwin’s fail-safe N test were to be used to
assess publication bias if more than 10 trials were included in
the meta-analysis (37), although this was not possible because
of the small number of trials in each pooled analysis.

Results
Results of the systematic review

A total of 599 citations including title and abstract were identified using electronic databases (n = 498) and secondary sources
(n = 101), of which 507 citations were excluded. Full text was
reviewed for 49 articles; 34 were subsequently excluded.
© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd

Reasons for exclusion were study participants were not individuals with SCI (n = 13), the articles were conference abstracts
(i.e. full-text not available; n = 8), studies where <50% of participants had SCI (n = 5) or pressure ulcers (n = 1), there were
no wound healing outcomes reported (n = 5) or EST was
delivered using indwelling electrodes (n = 2). A PRISMA flow
diagram is presented in Figure 1.
Inclusion criteria were met by 15 studies (Tables 2 and 3);
six were randomised controlled clinical trials (RCTs) (38–43),
three prospective controlled trials (44–46), four case studies
(47–50) and two retrospective controlled trials (51,52). More
than 500 persons with SCI were included in these reports,
in which 214 patients were included in a large retrospective
analysis (52). Six of the published reports were generated from
a group of researchers from Slovenia. It appears that the same
data are presented in one of the publications (46), and it is
1217
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MPC, n = 10
Sham MCP, n = 14
I/C: 6/18
DOI: n/a

PCT
TRT: MPC
CON: Sham MPC

RCT
TRT: HVPC
CON:
Sham HVPC

Barczak et al.
(44),
Germany

Grifﬁn et al.
(39), USA

Electrodes applied on opposite sides on
the wound edge, active electrode more
proximal
Asym BPC: rectangular, 100 microseconds,
50 Hz, 7:7 on/off ratio
Intensity: submotor
Sym BPC: rectangular, 300 microseconds,
50 Hz, 7:7 on/off ratio
Intensity: submotor
MC: rectangular, 10 microseconds, 1 Hz,
4 mA
Intensity: subsensory
30 minutes × 3/day × 5 days/weeks until
healed
Active electrode applied directly over
wound
MPC: rectangular, 140 microseconds,
38 mA
Intensity: n/a
60 minutes/day × 7 days/weeks × 4 weeks
Active electrode applied directly over
wound, dispersive applied on intact skin
HVPC: 75 microseconds, 100 Hz, 500 μA
Intensity: subsensory
60 minutes/day × 7 day/week × 2⋅9 weeks
Active electrode applied directly over
wound, dispersive applied on intact skin
(n = 11); electrodes applied on opposite
sides of wound edge (n = 2);
electroconductive sock (n = 3)
HVPC: 50 microseconds, 10–100 Hz
Intensity: submotor
240 minutes/day × 7 day/week × 13 weeks
Electrodes applied on opposite sides on
the wound edge
Asym BPC: balanced, 250 microseconds,
40 Hz, 4:4 on/off ratio
Intensity: motor
120 minutes/day × 5 days/week × 4 weeks

Asym BPC, n = 67
Sym BPC, n = 58
MC, n = 42
Sham MC, n = 25
DOU: 2–1095 days
Stage: n/a

HVCP, n = 16
SWC, n = 18
DOU: 0⋅3–20 years
Stage: II–IV or
unstageable

Asym BPC, n = 61
SWC, n = 48
DOU:
143⋅5 ± 229⋅2 days
Stage: n/a

HVCP, n = 16
SWC, n = 18
I/C: n/a
DOI: 1–51 years

Asym BPC, n = 42
SWC, n = 31
I/C: n/a
DOI: 32 ± 60 months

RCT
TRT: HVPC
CON: SWC

RCT
TRT: Asym BPC
CON: SWC

Jerčinonić
et al. (41),
Slovenia

MPC, n = 16
Sham MPC, n = 17
DOU: <1 to
>6 months
Stage: 3–5 according
to Daniel
HVPC, n = 8
Sham HVPC, n = 9
DOU: 1–116 weeks
Stage: II–IV

Electrode placement;
EST waveform;
stimulus parameter;
treatment schedule

Number of pressure
ulcers; duration
of ulcers (DOU);
Stage (NPUAP)

Houghton
et al. (40),
Canada

HVPC, n = 8
Sham HVPC, n = 9
I/C: 3/14
DOI: 3–1820 weeks

Asym BPC, n = 20
Sym BPC, n = 21
MC, n = 20
Sham MC, n = 19
I/C: 19/52
DOI: 1–420 months

RCT
TRT1 : Asym BPC
TRT2 : Sym BPC
CON1 : MC
CON2 : Sham MC

Baker et al.
(38), USA

Author, year,
country

Number of
patients; incomplete/
Study design;
treatment; control complete (I/C); DOI

Table 2 Summary of the clinical controlled studies included in the meta-analysis

2⋅7 ± 3⋅6%/day

5⋅7 ± 7⋅1%/day

70 ± 25% ↓ in WSA,
6 healed

80% ↓ in WSA, 3
healed

52% ↓ in WSA, 2 healed

36 ± 61% ↓ in WSA, 5
healed

2⋅0 ± 1⋅47%/day,
38% of initial
wound size

WHR signiﬁcantly
faster in EST
versus CON

Signiﬁcant ↓ in WSA
in EST versus CON

Signiﬁcant ↓ in WSA
in EST versus CON

WHR signiﬁcantly
faster in EST
versus CON

WHR signiﬁcantly
faster in Asym BPC
versus MC and
sham MC

Asym BPC:
36⋅4 ± 6⋅2%/week,
35 healed
Sym BPC:
29⋅7 ± 5⋅1%/week,
33 healed

MC: 23⋅3 ± 4⋅8%/week,
18 healed
Sham MC:
32⋅7 ± 7⋅0%/week, 6
healed

1⋅1 ± 0⋅96%/day, 65% of
initial WSA

Study conclusion

ES

Control

Results
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Number of patients
not speciﬁed
I/C: n/a
DOI:
31⋅0 ± 59⋅7 months

Retrospective CT
TRT1 : Asym BPC
TRT2 : LIDC
CON: SWC

Stefanovska
et al. (51),
Slovenia

7⋅13 ± 1⋅46%/day, 6
healed

−0⋅66 ± 1⋅16%/day, 0
healed

Asym BPC:
5⋅43 ± 4⋅40%/day
LIDC:
3⋅11 ± 3⋅83%/day

LIDC+:
7⋅4 ± 1⋅6%/day
LIDC+/−:
4⋅8 ± 1⋅5%/day

4⋅2 ± 1⋅1%/day

2⋅21 ± 3⋅27%/day

ES

Control

Results

WHR signiﬁcantly
faster in Asym
BPC versus
SWC and LIDC

WHR signiﬁcantly
faster in EST
versus CON

WHR signiﬁcantly
faster in LIDC+
versus CON

Study conclusion

Study design: CS, case study or case studies; CT, controlled trial; PCT, prospective controlled trial; RCS, retrospective case series; RCT, randomised controlled trial.
Treatment: Asym BPC, asymmetrical biphasic pulsed current; Sym BPC, symmetrical BPC; HVPC, high voltage pulsed current; LIDC, low intensity direct current; MPC, monophasic pulsed current.
Results: WHR, wound healing rate; WSA, wound surface area.
n/a, Not available.

Asym BPC, n = 82
LIDC, n = 18
SWC, n = 50
DOU:
207⋅9 ± 482⋅14 days
Stage: n/a

Aysm BPC, n = 6
Sham BPC, n = 6
DOU: n/a
Stage: n/a

Aysm BPC, n = 6
Sham BPC, n = 6
I/C: n/a
DOI: n/a

RCT
TRT: Asym BPC
CON: Sham BPC

Karba et al.
(42),
Slovenia

LIDC+: Active electrode applied directly
over wound, dispersive applied on intact
skin, 0⋅6 mA
Intensity: subsensory
LIDC+/−: Electrodes applied on opposite
sides of wound edge, 0⋅6 mA
Intensity: subsensory
120 minutes/day × 7 days/week until healed
Electrodes applied on opposite sides of
wound edge
Asym BPC: balanced, 250 microseconds,
4:4 on/off ratio
Intensity: motor
120 minutes/day × 7 days/week until healed
Electrodes applied on opposite sides of
wound edge
Asym BPC: balanced, 250 microseconds,
40Hz, 4:4 on/off ratio
Intensity: submotor
LIDC: 600 μA
120 minutes/day × 7 days/week × 4 weeks

LIDC+, n = 16
LIDC+/−, n = 18
Sham LIDC+/−, n = 16
DOU: n/a
Stage: III–IV

LIDC+, n = 16
LIDC+/−, n = 18
Sham LIDC+/−,
n = 16
I/C: n/a
DOI: n/a

PCT
TRT1 : LIDC+
TRT2 : LIDC+/−
CON: Sham
LIDC+/−

Karba et al.
(45),
Slovenia

Electrode placement;
EST waveform;
stimulus parameter;
treatment schedule

Number of pressure
ulcers; duration
of ulcers (DOU);
Stage (NPUAP)

Study design;
treatment; control

Number of
patients; incomplete/
complete (I/C); DOI

Author, year,
country

Table 2 Continued
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Study design;
treatment;
control

214 patients
(71⋅7% SCI)
I/C: n/a
DOI: 1–69 months

Retrospective CT
TRT1 : BPC
TRT2 : LIDC
CON1 :
Sham LIDC
CON2 : SWC

CS
TRT: MPC

Cukjati et al.
(52),
Slovenia

Pollack et al.
(48), USA

Asym BPC, n = 63
SWC, n = 43
DOU: n/a
Stage: n/a

Asym BPC, n = 63
SWC, n = 43
I/C: n/a
DOI: n/a

PCT
TRT: Asym BPC
CON: SWC

Trontelj et al.
(46),
Slovenia

Active electrode applied directly over wound,
dispersive applied on intact skin
MPC: 30Hz, 2:1 on/off ratio
Intensity: submotor
45 minutes/day × 3/week × 4 weeks
Active electrode applied directly over wound,
dispersive applied on intact skin
MPC: rectangular, 140 microseconds, 128 Hz
Intensity: n/a
30 minutes/day × 7 days/week × 12 weeks
Hand-held electrode applied directly over wound
BPC: not speciﬁed
Intensity: n/a
60 minutes/day × 7 days/week until healed
BPC: Electrodes applied on opposite sides on the
wound edge, 250 microseconds, 40 Hz, 4:4 on/off ratio
Intensity: motor
LIDC: Electrodes applied on opposite sides on the
wound edge or active electrode applied over wound,
four dispersive electrodes applied on edge around
wound, 0⋅6 mA
Intensity: subsensory
120 minutes/day × 7 days/week × 60 weeks
Electrodes applied over bilateral gluteus, hamstring, and
quadriceps muscles
MPC: rectangular, 400 microseconds, 60Hz
Intensity: n/a
0⋅37–2⋅23 minutes × 2/week × 28 weeks
Active electrode applied directly over wound, dispersive
applied on intact skin
HVPC: 10 microseconds, 100 Hz
Intensity: submotor
60 minutes/day × 3–5/week until healed
Electrodes applied on opposite sides on the wound edge
Asym BPC: balanced, 1⋅25 milliseconds, 40 Hz, 4:4 on/off
ratio
Intensity: motor
120 minutes/day × 7 days/week until healed
95⋅58–100% ↓ in
WSA

EST facilitates
wound healing

2⋅60 ± 2⋅59%/day 4⋅89 ± 3⋅80%/day WHR signiﬁcantly
faster in EST
versus CON

n/a

Ulcer healed

n/a

EST facilitates
wound healing

WHR signiﬁcantly
faster in BPC
versus CON
BPC:
0⋅190 mm/day
LIDC:
0⋅168 mm/day
Sham LIDC:
0⋅162 mm/day
SWC:
0⋅145 mm/day

EST facilitates
wound healing

EST facilitates
wound healing

19⋅85%/week

n/a

Signiﬁcant ↓ in
WSA in EST
versus CON

Ulcer healed

22⋅2 ± 1⋅4% ↓ in
WSA

2⋅6 ± 0⋅0% ↓ in
WSA

Study conclusion

n/a

ES

Results
Control

Study design: CS, case study or case studies; CT, controlled trial; PCT, prospective controlled trial; RCS, retrospective case series; RCT, randomised controlled trial.
Treatment: Asym BPC, asymmetrical biphasic pulsed current; Sym BPC, symmetrical BPC; HVPC, high voltage pulsed current; LIDC, low intensity direct current; MPC, monophasic pulsed current.
Results: WHR, wound healing rate; WSA, wound surface area.
EST, electrical stimulation therapy; n/a, not available.

HVPC, n = 3
DOU: 11–14 months
Stage: III–IV

HVPC, n = 3
I/C: 1/3
DOI: n/a

RCS
TRT: HVPC

MPC, n = 1
DOU: 23 months
Stage: IV

BPC, n = 181
LIDC, n = 42
Sham LIDC, n = 23
SWC, n = 54
DOU: 2–22 mos Stage:
I–IV

BPC, n = 1
DOU: 4 weeks
Stage: III

MPC, n = 1
DOU: n/a
Stage: III

Recio et al.
(50), USA

MPC, n = 1
I/C: n/a
DOI: 10 years

BPC, n = 1
I/C: n/a
DOI: n/a

CS
TRT: BPC

Chalker (49),
USA

MPC, n = 1
I/C: 0/1
DOI: 30 years

CS
TRT: MPC

Allen and
Houghton
(47),
Canada

MPC, n = 3
Sham MPC, n = 3
DOU: 10 ± 2⋅0 weeks
Stage: IV

Number of
Number of pressure
patients; incomplete/ ulcers; Duration of ulcers Electrode placement; EST waveform;
complete (I/C); DOI
(DOU); Stage (NPUAP) stimulus parameter; treatment schedule

MPC, n = 3
Adegoke and RCT
Sham MPC, n = 3
TRT: MPC
Badmos
(43), Nigeria CON: Sham MPC I/C: n/a
DOI: n/a

Author, year,
country

Table 3 Summary of the clinical studies not included in the meta-analysis
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Table 4 Methodological quality scores of the clinical controlled trials using the Physiotherapy Evidence Database (PEDro) scale
Items in PEDro scale
Study, author, year
Adegoke and Badmos (43)
Baker et al. (38)
Barczak et al. (44)
Cukjati et al. (52)
Grifﬁn et al. (39)
Houghton et al. (40)
Jerčinović et al. (41)
Karba et al. (45)
Karba et al. (42)
Stefanovska et al. (51)
Trontelj et al. (46)
Average score

1 (Y/N)

2

3

4

5

6

7

8

9

10

11

Score

Y
N
Y
Y
Y
Y
Y
Y
N
N
N

1
1
0
1
1
1
1
0
1
0
0

1
0
0
0
0
1
0
0
0
0
0

1
0
1
1
1
1
0
0
0
1
0

0
1
1
0
1
0
0
1
0
0
0

0
0
1
0
1
0
0
1
0
0
0

0
0
0
0
1
1
0
0
0
0
0

1
1
0
1
0
1
1
0
1
1
1

0
0
0
1
0
1
0
0
1
1
1

0
1
1
1
1
1
1
1
1
1
0

1
1
1
1
1
1
1
1
1
1
1

5
5
5
6
7
8
4
4
5
5
3
5⋅2

1, Eligibility; 2, random allocation; 3, concealed allocation; 4, baseline similarity; 5, blinding of subjects; 6, blinding of therapists; 7, blinding of all
assessors; 8, measures of key outcomes from more than 85% of subjects; 9, intention-to-treat analysis; 10, between-group statistical comparison; 11,
point measures of variability; Y, yes; N, no; 1, item present; 0, item absent.

Figure 2 Forest plot illustrating the effect of electrical stimulation therapy (EST) on healing rate expressed as percent per day compared with standard
wound care or sham EST.

not clear if there is any overlap in the data used within the
two retrospective analyses (51,52). Across all these studies,
regardless of study design, authors consistently concluded that
EST accelerated wound healing rate and/or the incidence of
complete wound closure.

Methodological quality of the controlled studies

The overall methodological quality of the controlled trials was
low (33). The scores ranged from 3 to 8 with a mean PEDro
score of 5⋅2 out of a total possible score of 10 (Table 4).
Six studies stated that subjects were randomly allocated to
groups (38–43), whereas three did not (44–46), and two studies
collated data from a retrospective analysis Only two studies
(40,43) included a description of how allocation was concealed
(51,52). Blinding of participants, therapists and assessors was
performed in only one study (39), and partially in two others
(44,45). None of the studies included an explicit statement
of the use of intention-to-treat analysis; however, five studies
did not report any participant dropout or loss to follow-up
(40,42,46,51,52).
© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd

In general, the controlled trials had small sample sizes. Baker
et al. (38) reported the largest sample; however, several recurrent or multiple ulcers were randomised to different groups.
Characteristics of the studies included in the
meta-analysis

Of the 15 studies, eight had data available to calculate effect
sizes and were included in the meta-analysis. One RCT (43)
and one retrospective controlled trial (52) were excluded from
the meta-analysis because the healing outcomes could not be
pooled with the other trials. One additional controlled trial
(48) was excluded from the meta-analysis because similar
data were reported in previous publications (51,52). Details
of the patients, treatment schedule, EST parameters including
electrode placement and waveform and results are presented
in Table 2. The meta-analyses included more than 302 participants; one trial did not report the number of participants
involved (51). A total of 360 pressure ulcers were treated
with EST, while 237 received either sham EST or SWC. Four
studies used BPC (38,41,42,51), three used MPC (39,40,44),
two used LIDC (45,51) and only one used MC (38). There was
1221
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Figure 3 Forest plot illustrating the effect of electrical stimulation therapy (EST) on healed events compared with standard wound care or sham EST.

considerable diversity in EST stimulus parameters (i.e. waveform, intensity, polarity), electrode placement (i.e. applied
directly over the wound versus across the wound on intact
skin) and treatment schedules. Treatment schedules for these
studies ranged from 60 to 240 minutes/day, 5–7 days/week, for
2⋅9–13 weeks or until healed.
Multiple outcome measures were examined between and
within the studies. Five studies expressed wound healing as a
rate either in percent decrease per day (41,42,44,45,51) or percent decrease per week (38), while four studies calculated the
total number of ulcers healed over the study period (38–40,42).
Overall percentage change in wound surface area was also
expressed in two studies (39,40).
Daily percent decrease in pressure ulcer size

Two RCTs (41,42), two prospective controlled trials (44,45)
and one retrospective control trial (51) were used to evaluate
the effects of EST on the rate of healing (i.e. daily percent
decrease) of pressure ulcers in persons with SCI. A significant
large overall effect size was found in favour of EST when
examining the daily percent decrease in pressure ulcer size
compared with SWC or sham EST (Hedge’s g = 1⋅32, 95% CI:
0⋅58–2⋅05, P < 0⋅001, Figure 2). Significant heterogeneity was
evident across these trials (I 2 = 85⋅3%, P < 0⋅0001).
Two other studies including one retrospective control trial
(52) and one prospective control trial (46) evaluated the effect
of EST on the rate of healing (Table 3). Cukjati et al. (52)
treated 300 wounds with either asymmetric BPC, LIDC, sham
or SWC. After 60 weeks of 30–120 minutes/day, 7 days/week,
those treated with BPC healed (0⋅190 mm/day) significantly
faster than those treated with LIDC (0⋅168 mm/day), sham
(0⋅162 mm/day) and conservative therapy (0⋅145 mm/day).
Similarly, Trontelj et al. (46) found a significantly faster
healing rate in pressure ulcers treated with asymmetric BPC
(4⋅89 ± 3⋅80 %/day) compared with SWC (2⋅60 ± 2⋅59 %/day)
when electrodes were applied on opposite sides of the wound
edge. This study was excluded from the meta-analysis because
the data were replicated in later publications (41,51).
Overall risk of healing

Four RCTs (38–40,42) evaluated the effects of EST on pressure ulcer healing (i.e. number of healed events). Healing of a
1222

pressure ulcer with EST was found to be 1⋅55 (95% CI:
1⋅12–2⋅15, P = 0⋅01) times more likely than that with SWC or
sham EST (Figure 3). The data were homogeneous (I 2 = 0%,
P = 0⋅47).
Other healing outcome measures

Three RCTs (39,40,43) expressed wound healing as an overall percent decrease in wound surface area (Tables 2 and 3);
however, because of limited available data within the studies, a meta-analysis could not be conducted. Houghton et al.
(40) found that pressure ulcers receiving HVPC with 20-minute
cycles of 100 Hz, 10 Hz and no stimulation for 8 hours/day,
7 days/week for 3 months, had an overall percent decrease in
wound surface area of 70 ± 25%, which was statistically higher
than that in the SWC group (36 ± 61%). Comparably, Adegoke
and Badmos (43) found a noticeable percent decrease in wound
surface area in the group provided with ‘interrupted direct current’ (22⋅2%) compared with the sham group (2⋅5%). In another
RCT by Griffin et al. (39), eight males with SCI received HVPC
stimulation at 100 Hz, 500 μA for 60 mintes/day for 20 days,
while nine males received sham stimulation. Although, all stage
II pressure ulcers healed regardless of treatment type, those
receiving EST showed a significant percent decrease in wound
surface area of stage III and IV pressure ulcers compared with
the sham group. The median percent decrease in wound surface
area from pre-treatment was 80% in the HVPC group and 52%
in the sham group.
Secondary outcome measures

Only one (40) of the 15 studies reported adverse events related
to EST treatment, which were minor (i.e. skin irritation) and
were quickly resolved.
None of the 15 studies reported on or measured the effect of
EST in alleviating pain related to the pressure ulcer. Similarly,
no studies assessed the impact of treating the pressure ulcer with
EST on participants’ quality of life.
One case study (47) assessed the economic costs associated
with using EST for the treatment of pressure ulcers. Allen and
Houghton (47) reported that the total cost to deliver EST in
a community-based programme for 12 weeks was $1477⋅46
(Canadian dollars).
© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Compliance with the use of EST was addressed in two
(38,40) of the 15 trials. Houghton et al. (40) indicated that mean
duration of EST was reported to be 3⋅0 ± 1⋅5 hours/day, which
was approximately half of the recommended treatment time.
Baker et al. (38) reported that 80% of the subjects were at
least ‘semi-compliant’ (i.e. performed half the recommended
treatment time).
Discussion

This systematic review and meta-analysis suggests that EST
is an effective adjunctive therapy for treating pressure ulcers
in individuals with SCI. The results of our meta-analysis have
shown that EST decreases pressure ulcer size at a rate of
1⋅32%/day and increases pressure ulcer closure by 1⋅55 times
more than with SWC alone or sham EST. These results are
based on eight controlled clinical trials involving 597 pressure
ulcers. The overall PEDro score for the clinical controlled trials
was 5⋅2. This level of methodological quality is considered low.
High heterogeneity across some of the studies included in
the meta-analysis was evident. This can be explained by the
lack of standardised method of measuring pressure ulcer size,
the considerable variations in type of EST and parameters
used (i.e. waveform, frequency, intensity, polarity), the varying methods of delivering EST (i.e. the placement of electrodes) and the different treatment schedules. This was seen
in studies with both large (38,41,51) and small sample sizes
(39,40,42,44,45). The meta-analysis also included both randomised and non-randomised studies, which could have also
contributed to the high heterogeneity. As a result of the heterogeneity between these studies, we used a more conservative
model known as the random effects model. With this more conservative analysis, EST was still superior to SWC and sham
EST in treating pressure ulcers in individuals with SCI.
The lower heterogeneity associated with the studies included
in the meta-analysis of the number of healed ulcers is not surprising given the protocol by Baker et al. (38). They compared
four treatment groups: asymmetrical BPC, symmetrical BPC,
microcurrent (MC) and sham MC. It should be noted that as
the authors of this study (38) originally created MC to be a
‘stimulated control’; we decided to combine the healed events
of the MC group with the sham group, and the healed events of
the asymmetrical BPC group with the symmetrical BPC group.
This is in line with multiple previous studies that have demonstrated that MC has little to no effect in decreasing the healing time of wounds (53–55). The study by Baker et al. (38)
included a notable 192 pressure ulcers, which was a much larger
sample size than other studies included in the meta-analysis.
This resulted in the study having a large relative weight within
the meta-analysis. Therefore, any negative effects associated
with EST from smaller studies may be negated or masked. It
should also be noted that several participants (42⋅5%) experienced recurrent or multiple pressure ulcers and each of these
pressure ulcers was randomised to a particular group. This
resulted in data from the same participant being recorded multiple times.
In addition, within this meta-analysis, two trials (39,40)
reported the same numbers of pressure ulcers healed in both
the EST and control groups. This was likely because of a
© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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high number of stage II pressure ulcers assigned to the control groups. In both trials, all of the stage II ulcers healed
completely, regardless of group assignment, suggesting that
SWC alone may be sufficient to heal these ulcers in individuals
with SCI. These results are consistent with recent best practice
guidelines that recommend the use of EST combined with SWC
to manage more severe, stage III and IV, pressure ulcers (2).
The results of this meta-analysis are comparable to previous meta-analyses; Gardner et al. (25), Barnes et al. (27) and
Koel and Houghton (26) all demonstrated positive effects of
EST on wound healing. However, our meta-analysis is unique
in that we focused our findings on the effects of EST on pressure ulcers specifically in the SCI population. The previous
meta-analyses included studies with different wound aetiologies beyond pressure ulcers and different patient populations.
We included both randomised and non-randomised control trials and did not attempt to standardise the outcome measures as
performed in the past (25). Our meta-analysis, which pooled
studies expressing the daily percent decrease in pressure ulcer
size, included four additional studies (one RCT, one retrospective controlled trial and two prospective controlled trials),
which were not included in previous meta-analyses (27). Barnes
et al. (27) included only one RCT in their meta-analysis that
looked at the effects of EST on mean daily percentage change
in ulcer size compared with SWC. Pressure ulcers were stratified by location to obtain the treatment effect of EST, which
may have concealed the true strength of EST on healing pressure ulcers.
In the meta-analysis by Koel and Houghton (26), they found
that unidirectional current flow was a more promising mode
of EST delivery than bidirectional current flow. Baker et al.
(38) found similar results showing that asymmetrical BPC is
superior to symmetrical BPC. Although, both these currents
flow in a bidirectional manner, the asymmetrical current has
a net unidirectional flow. When we compared the results of
unidirectional and bidirectional EST in these studies involving
pressure ulcers and SCI, we actually found greater healing
effects with bidirectional EST compared with unidirectional
EST. Therefore, healing outcomes are likely dependent on
many other variables, such as the different EST protocols in
the included studies. Based on the aforementioned findings, the
optimal stimulus parameters for EST remain to be determined.
Secondary outcome measures

There were no trials that measured pain relief and/or quality
of life as an outcome measure in relation to EST treatment.
Adverse events and compliance with EST were reported inconsistently; the majority of studies did not undertake a systematic
approach to evaluating or recording adverse events and compliance, as collected in the methodological section. Only one RCT
addressed device-related adverse events, including contact dermatitis associated with self-adhesive electrodes, while two trials
(38,40) discovered that individuals with SCI were frequently
unable to adhere to prescribed EST protocols.
Economic comparisons between SWC and EST were also
scarce with only one case study suggesting that EST might be
a cost-effective treatment (47). While there have been other
studies (56,57) reporting similar findings in individuals with
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SCI with pressure ulcers, these articles did not meet our search
criteria. Given the cost-savings associated with using EST
to improve healing rates in pressure ulcers, it is interesting
that EST is not being used earlier during management. In
Canada, for example, this therapy is either not provided or a
last resort following other adjunctive therapies (58), while in
the USA, EST is covered only if other adjunctive therapies were
unsuccessful.
Methodological quality of the trials

The majority of the trials included in the meta-analysis had a
quality score (out of 10) of 5 or less (38,41,42,44,45,51). Lack
of description about the method of randomisation and allocation concealment, blinding and intention-to-treat analysis was
the most common weakness in the trials. However, the low quality (33) across studies was not unexpected as the majority of
trials were conducted prior to 2000, before most of the tools
to assess methodological quality were developed. Unlike pharmacological trials, blinding of the participants and therapists
to a treatment protocol is problematic because it produces visible muscle contractures and/or sensory stimulation. Only two
studies used blinded assessor; however, it could be argued that
wound size measures and determining that a wound has closed
are objective outcomes free of assessor bias.
Study limitations

There are a number of limitations in this review. There were a
relatively limited number of studies that met the inclusion criteria and the sample size of pressure ulcers and participants was
small in each study. In addition, a wide array of healing outcome
measures was used between the studies, which prevented the
data from all studies from being pooled into one meta-analysis.
There was considerable variation in the EST intervention
used including stimulus parameters (waveform, intensity,
frequency and polarity) and treatment scheduling. This likely
contributed to the significant heterogeneity between included
studies when estimating the overall rate of pressure ulcer
healing. However, from a clinical standpoint, these consistent
positive results regardless of specific EST features could also
suggest that a variety of EST paradigms, which ultimately
deliver similar electrical charge to subcutaneous tissues, can
stimulate physiological responses to healing. Furthermore,
matching the EST treatment paradigm to the patient’s preferences may be a more prudent approach rather than devising a
single optimal EST treatment protocol for all to use.
Another limitation was the use of the PEDro scale for
assessing methodological quality for both randomised and nonrandomised controlled trials. Although the PEDro was designed
specifically for the sake of comparing RCTs, we also used it to
evaluate non-RCTs. In this meta-analysis, we believed that it
was imperative that the same scale be used for accurate comparisons of quality across trials.
Publication bias was also a concern; it is well known that
studies with insignificant results are less likely to be published. Unfortunately, we were unable to assess publication bias
because of the small number of studies (i.e. <10 studies) (37).
We attempted to minimise the bias by searching grey literature
1224

and conducting a paired consensus process for study selection
and data extraction.

Conclusion

In conclusion, this systematic review found a total of 15 published reports that evaluated the effect of EST on healing of
pressure ulcers in people with SCI. Eight controlled clinical
trials (n = 274 patients) included in the meta-analysis found
a significant overall effect favouring EST over SWC or sham
EST. These results are generalisable to the majority of individuals with SCI as the controlled and uncontrolled studies were
conducted in multiple countries and included a wide array
of participant characteristics. Unfortunately, because of low
methodological quality and high heterogeneity across some of
the findings, the findings must be interpreted carefully.
This review also suggests that several types of EST and
various treatment schedules can be applied to enhance pressure
ulcer healing, allowing regulated health care providers to adapt
to different EST programmes depending on a patient’s needs.
However, conclusions cannot be made regarding the optimal
EST treatment protocol for healing pressure ulcers.
Researchers should attempt to investigate the ideal treatment
protocol for treating pressure ulcers in individuals with SCI. In
addition, future studies should address device-related adverse
events, compliance rates and cost-effectiveness of EST compared with SWC, and the implications of EST for relieving
pressure ulcer pain and improving the overall quality of life.
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